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Executive Summary

This report docunments the criteria which will provide the basis
for decisions in 1996 and the end of the decade on whether or not
to proceed with Phase Il (X-33 Advanced Technol ogy Denonstrator)
and Phase |1l (Commercial Devel opment of a Next-Ceneration Space
Launch Systemn) of the NASA Reusabl e Launch Vehicle (RLV) program
consistent with the National Space Transportation Policy. The
criteria contained in this docunent are established in accordance
with the 11-point agreenent between NASA and OVB si gned by NASA
Adm nistrator Daniel S. CGoldin on Novenber 25, 1994. The criteria
are subject to change by consensus agreenent of OvB, OSTP, and the
NASA Admi nistrator and will be reviewed by the NASA Advi sory
Council or other equivalently qualified panel. Furthernore, the
NASA Admi nistrator will report annually to OQwB/ OSTP on the
progress of the programtoward neeting the decision criteria. It
is also the intent for RLV partners to review and suggest updates
to the criteria as configuration studies, vehicle designs, and

t echnol ogi es mat ure.

The Reusabl e Launch Vehicle Technol ogy Programis currently in

Phase |I. Funding has been identified in the President’s FY 1996
Budget which will enable a Wiite House decision in 1996 on whet her
or not to proceed with Phase Il. Phase Il will include

devel opnent and testing of the Advanced Technol ogy Denonstrat or
(ATD), designated the X-33 by NASA, flight testing of the X-34
experinmental vehicle and a conplinmentary ground test program The
1996 decision is contingent upon progranmatic and techni cal
criteria, all of which are supported by numerous specific,
technical metrics at the project and task | evel during Phase I.
Included in the programmatic criteria for the Phase Il decisions
are the DG XA and X-34 prograns whi ch support the concept that
smal |, industry-led Governnent/industry project teans are an

ef ficient managenent tool for the rapid prototyping of advanced
space | aunch technol ogy. During Phase |, the X-34 program nust
denonstrate progress toward the tinely fielding of a commercially
vi abl e space | aunch system which significantly reduces the price
of launch in its payl oad cl ass.

The objective of Phase Il will be to denonstrate the ability to
significantly reduce the cost of devel opnent, production, and
operation of future, newlaunch vehicle systens. Traditional cost
estimating techniques will be applied to selected X-33 and X-34
desi gns and conpared agai nst established funding levels to
determ ne the magni tude of expected devel opnent and production
savings. This docunment will be updated to reflect those cost
reduction goals. Qperations cost reductions will be denonstrated
by the use of small ground crews and successful flight
denonstrati ons of the DG XA, X-34, and X-33.

The Phase 111 decision is dependent upon business and operations
pl ans, specific technical nmetrics, and programmatic criteria.
Included in the technical criteria is the X-33 denonstrati on,



(focused on rocket-based single-stage-to-orbit feasibility) that

| ow cost access to space is technically feasible and that

devel opnent, production, and operational costs for such a vehicle
are acceptable. The two pacing progranmatic requirenents are (1)
the X-33 and X-34 prograns have denonstrated that cooperative
Government /i ndustry technol ogy devel opnent prograns can be both
successful and efficient, and (2) acceptabl e busi ness arrangenents
have been reached between CGovernment and industry that will
facilitate the devel opment and operation of the next generation of
space |l aunch systens. A decision to enter Phase Il would end the
RLV t echnol ogy program and begin full-scal e devel opnent. It is
envi sioned that the timng of this decision will coincide with

i nvest ment deci sions on the Space Shuttle programrequired to
maintain its capability through 2012. Departnent of Defense
progress in the Evol ved Expendabl e Launch Vehicle program the
evol ution of commercial markets, budget limtations and nati onal
needs will al so be consi dered.



RLV Technol ogy Program Criteria

The RLV design and operations target requirements provided in this
docunent do not represent independent pass/fail criteria and
shoul d be assessed in the context of an overall systens anal ysis.
Achi evenent of the required advancenent in each area will be
assessed with respect to its effect on the total systenis ability
to performits mssion with acceptabl e design, devel opnent, and
operational risks. As with all technology prograns, interim
decisions will be required as part of the overall systens

engi neering effort and are identified in this docunment where
appropri ate.

RLV Technol ogy Program Phase ||l Decision Criteria

The decision to enter Phase Il is predicated on neeting
programmati c (prelimnary business and operations planning) and
technical criteria. These criteria are based on those goals of
the RLV technol ogy programwhich will be conpleted prior to the
1996 decision. In addition to these criteria, the Governnent w | |
assess the inpact of outyear funding instability and technical and
programmatic ri sk.

Phase Il Programmatic Criteria

Significant reductions in devel opnent and operations costs wll
require stream ining of nanagenent nethods used to oversee the

t echnol ogy devel opnent and denonstration efforts. The follow ng
programmatic criteria will be the basis for denonstrating the “new
ways of doi ng business” required to reduce devel opnent and
operations costs of a next-generation reusable | aunch system

1. Prelimnary business plans for next-generation system

devel opnent, production and operation (Phases Il and II11) wll be
conpleted. These plans will be created by the industry partners
as a product of the Governnent-industry partnership and wll
contain detailed cost and busi ness investnent strategies,
schedul es and deci sion m | estones for proposed Phase |1

activities. The business plans will also contain detail ed
operating plans which identify specific technol ogy i nprovenents to
be denonstrated consistent with cost targets. Qher specific
conponents of this plan include:

 Cost/benefit assunptions which include cash, debt, discounting,
revenue stream depreciation, interest and taxation options.

* Financial investment sources and requirenments. Requirenents
di scussion will include Governnment policy changes which woul d be
required to obtain private financing (e.g., term nation
liability, anchor tenancy) and legislation or policy required to
permt other unique CGovernnent-industry partnerships.

* Cost and schedul e estimates to devel op, manufacture, activate,
and operate all ground, flight and rel ated support systens.
These estimates shoul d project significant reductions in cost



fromother traditional |aunch vehicle devel opnents and nust be
conprehensive to a level that will permt credible, independent
assessnents.

e Planned and required return on investnment for 10-year
proj ections.

e ldentification of risks and mtigation plans.

 Managenent and acqui sition mechanisnms which will result in
significant cost reduction fromtraditional CGovernnent-I|ed
pr ogr ans.

* ldentification of conmercial payl oad insurance plans.

If Phase Il is initiated, this plan will be updated prior to the
Phase |1 deci sion.

2. The use of snmall and efficient project offices is critical to
denonstrating | ow cost devel opment capabilities, streamined
acqui sition strategies, mniml Governnent oversight, and other
cultural changes required to neet the cost reduction goals of the
RLV technol ogy program This will be denonstrated with the
followng criteri a.

a. The RLV Technol ogy Program Managenent O fice, including the
X-33, X-34, DC XA, and dedi cated technol ogy managenent
offices, will be maintained at a | evel no larger than 20
people (12 at the Marshall Space Flight Center and 8 at
NASA Headquarters). The intent is to denonstrate
streani i ned managenent techni ques required to reduce cost.

b. The DC XA program nust denonstrate that a small and
efficient Governnment/industry project team can design,
devel op, and integrate advanced technol ogy conponents
(i ncluding cryogeni ¢ tankage and primary structure) into an
experimental flight systemw thin budget. The total touch
| abor ground crew associated with the DG XA will be no
| arger than the 15 people used on DG X. DC XA flight
operations will be performed with no nore than three
personnel (sane as DC-X). Achievenment of initial flight
testing is not required for this criterion to be satisfied.

c. Traditional cost estimating nethods applied to the X-34
program have shown that devel opnent and production of a
simlar vehicle could range from $250-500 mllion. It is
the intent of the X-34 programto denonstrate a significant
reduction in these costs by incorporating innovative design
nmet hods, streanined acquisitions, and ot her new ways of
doi ng business in an industry-led format. Governnent
funding for the X-34 will be limted to $70 mllion with
remai ning funds to be provided by industry. Once the X-34
part ner has been sel ected, traditional devel opnent and
fabrication cost estimates will be calculated for the
selected configuration to establish a baseline for future
conparisons. The negotiated contract value for the X-34



programis expected to be 25 to 50 percent below this
basel i ne.

Prior to the Phase Il decision, the X-34 programw || have
a negotiated contract reflecting an industry cost share
greater than 50 percent of the total budget (i.e., the
contractor must neet this requirenment on a fiscal year and
cunul ative basis). |In addition, the X-34 program nust

achi eve its devel opnment goals and do so on schedul e and en
within a fixed Government budget. Design freeze of the X-
34 will have been conpleted prior to the Phase Il decision.

3. The initial design review and two nonadvocacy revi ews of the X-
33 programw || have been conpl eted and document ed.

4. The X-33 selection will have been conpl et ed.
Phase Il Technical Criteria

It is the Governnment’s belief that the nost prom sing nmeans for
| ow cost access to space are highly reusabl e and robust |aunch
vehicles. A full reusable, single-stage-to-orbit configuration
may of fer the | owest possible cost and is the target of initial
RLV technol ogy efforts. Prior to beginning Phase Il (1996),
critical technol ogies that would be required to denonstrate the
concept of | ow cost (devel oprment, production, and operations)
reusabl e systens will be denonstrated through snall-scal e
experimental testing. Analytical results derived fromthese
denonstrations will be used to determ ne whether an advanced

t echnol ogy denonstrator can be fabricated and whether or not it is
likely to adequately denonstrate the technical feasibility and
cost advant ages of single-stage-to-orbit.

Careful consideration has been given to the selection of the
criteria technologies with an insistence that results woul d have
direct application to other reusable nultistage systens. The four
key technol ogy areas are (1) reusable cryogenic tank systens, (2)
primary vehicle structures, (3) thermal protection systens, and
(4) propulsion. Oher technol ogy areas such as avionics and
flight software will be incorporated into the DG XA and X-34
vehi cl es for denonstration and/or qualification but are not a
primary focus of the ground test program COiteria for each of
the key technol ogy areas are provided below and will be used to
nmeasure the progress and performance of these technol ogies.

Note: This docunent will be reviewed by the industry teans and
criteria may be updated to reflect changes in the technol ogy
program

1. Reusable Cyogenic Tank Systens (RCTS). There are currently
no RCTS suitable for use in launch vehicles. Technol ogy
devel opnent efforts during Phase | will denonstrate the relative




nerits of conposite and netallic materials for RCTS application in
the X-33 and potential RLV configurations. Final naterial
selection for the X-33 design will be based on systens anal yses
whi ch incorporate the technol ogy programresults.

The primary issue being addressed by this technology area is the
| ack of data available to evaluate material property, life cycle,
manuf acturing, inspectability and repairability of potential tank
materials as applied to reusable cryogenic tanks. Therefore, the
obj ective of RCTS technology efforts is to determ ne whet her or
not they can be functionally produced and whet her wei ght, reuse,
cost and operations requirenents for X-33 and RLV configurations
can be net. At the tine of the Phase Il decision, data fromthis
technol ogy effort will be used to determ ne whether or not
reusabl e cryogenic tanks can be integrated into an X-33 flight
test vehicle to support the denonstration of single-stage-to-orbit
by the end of the decade.

a. At least one netallic (alumnumlithium tank will be
constructed and integrated with the required TPS, health
nmoni toring, and attachnment subsystens and will be under
test. Current plans call for two such tanks to be
manuf actured and integrated for test. Appropriate coupon
and other elenent testing (e.g., LOX conpatibility,
reusability) required to achieve this goal will be
conpl eted and docunented. Al applicable subscale testing
wi Il have been conducted to scaled (to full-scale RLV)
pressures and | oads.

b. At least one graphite conposite tank will be constructed
and integrated with the required TPS, health nonitoring,
and attachnent subsystens and will be under test. Current
plans call for two such tanks to be manufactured and
integrated for test. Appropriate coupon and ot her subscal e
testing (e.g., LOX conpatibility) to achieve this goal wll
be conpl eted and docunent ed.

c. The material selection for both fuel and oxidizer tank
subsystens will be conpleted and docunented. The sel ection
nmust consi der performance (e.g., weight, strength)
produci bility, inspectibility, and operability
characteristics.

d. A docunented analysis will have been conpl eted which
denonstrates that the selected materials and tank
subsystens are scaleable to a full-scale RLV and wi | |
adequat el y be denonstrated by an X-33 vehicle. This
analysis will contain the correl ations between anal yti cal
predi ctions and experinental test results. These
correlations will be at a | evel of confidence sufficient to
ensure that analytical tools are valid for purposes of
full-scale vehicle design. Estinmated requirenents for the
RLV, which will be supported by this analysis, are a .



m ni mum of 100 lifetinme mssions including depot

mai nt enance no nore than every 20 m ssions, volunetric
wei ght targets (which will be updated for selected X-33
configuration) of 0.7 pounds per cubic foot or less for a
oxi di zer tank and 0.5 pounds per cubic foot or less for a
liquid hydrogen tank, and | eakage rates within the limts
set for the Space Shuttle.

2. Primary Vehicle Structures (PVS). Oiteria under this section
will be used to neasure the progress and validate the
feasibility of conposite structure applications to | aunch
vehi cl e environnents. Technol ogy devel opnent efforts during
Phase | will denonstrate relative nerits of state-of-the-art
conposite materials for application in PVS (e.g., wng or aero-
surface, intertank, thrust structure) subsystens for the X-33
and potential RLV configurations. Final nmaterial selection for
the X-33 design will be based on systens anal yses which
i ncorporate the technol ogy programresults.

The primary issue being addressed by this technology area is the
| ack of data available for estimating the material property, life
cycle, manufacturing, inspectability and repairability of
potential conposite materials as applied to primary structures in
| aunch vehicle environnents. Therefore, the objective of the PVS
technol ogy effort is to determ ne whether or not they can be
produced to neet weight (primary structure materials have the

| argest system wei ght inpact), reuse, cost and operations
requirenments for X-33 and RLV configurations. Information from
the technol ogy efforts, described by the following criteria, wll
be used to determ ne whether or not reusable PVS can be built and
integrated into an X-33 flight test vehicle to support the
denonstration of single-stage-to-orbit by the end of the decade.

a. At |east one conposite intertank test article will be
constructed and integrated with the required TPS, health
noni toring, and attachnment subsystens and will be under
test. Appropriate coupon and ot her subscale testing (e.qg.,
pul | -test, panel specinmen) required to achieve this goal
wi |l be conpleted and docunent ed.

b. At |east one conposite thrust structure test article wll
be constructed and integrated with the required, health
noni toring, and attachnment subsystens and will be under
test. Appropriate coupon and ot her subscale testing (e.g.,
pul | -test, panel specinmen) to achieve this goal will be
conpl eted and docunent ed.

c. At |east one conposite wing or aero-surface test article
will be constructed and integrated wth the required TPS,
heal th nonitoring, and attachnent subsystens and will be
under test. Appropriate coupon and ot her subscale testing



(e.g., pull-test, panel specinen) to achieve this goal wll
be conpl eted and docunent ed.

d. The material selection for intertank, thrust structure, and
wi ng or aero-surface will be conpleted and docunented. The
sel ection nust consider performance (e.g., weight,
strength) producibility, inspectibility, and operability
characteristics.

e. A docunented analysis will have been conpl et ed which
denonstrates that the selected materials and prinary
structure subsystens are scaleable to a full-scale RLV and
wi Il adequately be denonstrated by a X-33 vehicle. This
analysis will contain the correl ati ons between anal yti cal
predi ctions and experinental test results. These
correlations will be at a |l evel of confidence sufficient to
ensure that analytical tools are valid for purposes of
full-scale vehicle design. Estinmated requirenents for the
RLV, which will be supported by this analysis, include a
wei ght target of 4.0 pounds per square foot of surface area
or less for the airframe structure (TPS, VHM not i ncl uded).

3. Thernmal Protection Systens (TPS). Criteria under this section
will be used to neasure the progress and validate the
feasibility of thermal protection systemmaterials as applied to
antici pated | aunch vehicle environnents. Specific enphasis wll
be placed on the operability characteristics of TPS options.
Technol ogy devel opnent efforts during Phase | will denonstrate
relative nerits of existing TPS materials for application in
integrated primary structure and reusabl e cryogenic tanks for
the X-33 and potential RLV configurations. Final materi al
selection for the X-33 design will be based on systens anal yses
whi ch incorporate the technol ogy programresults.

The primary issue being addressed by this technology area is the

| ack of data available to estimate the durability and reuse of
potential TPS materials in [aunch vehicle environnents.

Therefore, the objective of this technology effort is to determne
whet her or not they can be produced and integrated to neet weight,
reuse, cost and operations requirenents for X-33 and RLV
configurations. Information fromthe technol ogy efforts,
described by the following criteria, will be used to determ ne
whet her or not reusable and operationally efficient TPS conponents
can be built and integrated into an X-33 flight test vehicle to
support the denonstration of single-stage-to-orbit by the end of
the decade. WMaterials and attachnent options will be
investigated. Integration of TPS options onto structural test
articles is addressed in the reusable cryogenic tank and primary
structure technol ogy areas.

a. At |least one ceramc TPS test article will be constructed
and under test. Al appropriate elenent testing required to

9



achieve this goal will be conpleted and docunent ed.
Appropriate attachnment nechanisns will have been anal yzed
and preferred technol ogies included in the test article.

b. At least one nmetallic TPS test article will be constructed
and will be under test. Al appropriate elenment testing
required to achieve this goal will be conpleted and
docunented. Al appropriate attachnent mechani snms will
been anal yzed and preferred technol ogi es included in the
test article.

have

c. Material selection for TPS applications in primary structure
and reusabl e cryogeni ¢ tank sections will be conpl eted and
docunented. The sel ection nust consider performance (e.g.,
wei ght, durability) producibility, inspectibility, and
operability and cost characteristics.

d. A docunented analysis will have been conpl eted which
denonstrates that the selected materials and TPS subsyst ens
are scal eable to an operational RLV and will adequately be
denonstrated by a X-33 vehicle. This analysis will contain
the correl ati ons between anal yti cal predictions and
experimental test results. These correlations will be at a
| evel of confidence sufficient to ensure that anal yti cal
tools are valid for purposes of full-scale vehicle design
Estimated requirenents for the RLV, which will be supported
by this analysis, include a 100-m ssion mninumlifetine,
and an order of nmagnitude reduction in maintenance and
i nspection requirenments as conpared to existing Shuttle TPS
(a baseline for Shuttle will be devel oped for inclusion in
this criteria).

4. Propul sion Systens. Criteria under this section will be used
to neasure the progress of propul sion systemoptions in neeting
reuse and operations requirenents of an RLV. Technol ogy

devel opnent efforts during Phase | will denonstrate relative
merits of existing propul sion systens for the X-33 and potenti al
RLV confi gurati ons.

The primary issue being addressed by this technology area is the

| ack of data available to evaluate the perfornmance, operability,
inspectibility and reuse of potential RLV propul sion systens. The
obj ective of this technology effort is to determne the preferred
propul sion systemfor neeting reuse, cost, and operations
requirenments of X-33 and RLV confi gurati ons.

a. The propul sion technology area will be adjusted by August
1995 to reflect the needs of the X-33 industry partners.
Propul sion systens not required by the proposed X-33 or RLV
systens wll not be funded by this program

10



b. A propul sion concept will be selected prior to the Phase |
deci sion which will be required by the preferred RLV
configuration.

c. A docunented analysis will have been conpl eted which
denonstrates that the sel ected propul sion subsystens are
scal eable to a full-scale RLV and reuse/ operations
requirements will be adequately denonstrated by a X-33
vehicle. Estimated requirenents for the RLV, which will be
supported by this analysis, include a 100-mssion life with
20 flights between depot naintenance and a 50 percent
reduction in engine inspection tine between flights as
conpared to the Shuttle.

d. Results from conponent work will be docunented and provi ded
with the above analysis. Only propul sion technol ogy
supporting the X-33 contractors will be pursued within this
progr am

Phase Il Decision Criteria
RLV Technol ogy Program Phase Il Decision Criteria

The decision to enter Phase |1l signifies the end of the RLV

t echnol ogy program and the beginning of a potential RLV full-scale
devel opnent. It is envisioned that the timng of this decision
(at end of the decade) will coincide with investment decisions on
the Space Shuttle programrequired to maintain its capability

t hrough 2012. Departnent of Defense progress in the Evol ved
Expendabl e Launch Vehicle (EELV) program the evol ution of
conmerci al markets, budget Iimtations and national needs wll

al so be considered in the RLV devel opnent decision. The follow ng
criteria will be used to nmeasure the progress and performance of
the RLV technol ogy programw || be the basis of Governnent and
privat e-sector decisions on devel opnent of an operational next-
generation reusabl e | aunch system

1. Accept abl e busi ness arrangenents wi |l have been devel oped
bet ween Government and industry to permt devel opnent of a | ow
cost next-generation space | aunch system

2. The X-33 and X-34 prograns w || have denonstrated, by neeting
their respective programgoals within a fixed CGovernnent budget,
that the industry-led, cofunded devel opnent of advanced space
| aunch technology is an efficient, cost-saving program
i npl enent ati on approach. Specific objectives are |isted bel ow

X-34 Criteria
a. The NASA/industry teamw || have denonstrated a reduction in
devel opnent and production costs of 25 to 50 percent
relative to the traditional cost estimate established in

11



Phase Il by developing a small reusable or partially
reusabl e booster.

b. The NASA/industry teamw ||l have denonstrated a factor of
approxi mately three reductions in |launch costs as conpared
to existing vehicles in the sanme payl oad range by devel opi ng
a small reusable or partially reusabl e booster.

c. The NASA/industry teamw ||l have denonstrated with a snal
reusabl e, or partially reusabl e booster technol ogies
scal eabl e to potential RLV configurations which include the
fol | owi ng:

- As a part of the basic booster design, the denonstrated
technol ogi es wi Il have included reusabl e conposite or
netal | i c tanks, reusabl e and operabl e engi nes, reusable
and durable TPS nmaterials, operations concepts.

d. The NASA/industry teamw || have denonstrated reusability
and operability concepts which significantly reduce | aunch
costs and denonstrate rapid processing for reflight by
devel oping a snmall reusable or partially reusabl e booster.
The present target is to denonstrate operability concepts
whi ch result in 0.5 hours of |abor per pound of structure
per flight. For conparison, current |aunch systens average
approxi mately 10 hours per pound of structure per flight,
varying by vehicle type and si ze.

e. The X-34 will have initiated flight tests by March 1998.

f. The X-34 will have denonstrated orbital delivery capability
by Decenber 1998.

g. The X-34 vehicle will have provided flight data to support
val i dati on of vehicle hypersonic flight environments during
ascent and reentry.

h. The NASA/industry teamw || have denonstrated through their
i nnovative partnership, a successful devel opnent within 3
years and with a fixed- Governnent funding profile.

X-33 Criteria

a. The NASA/industry teamw || have devel oped and denonstrat ed
with an advanced technol ogy denonstrator a potential
reduction in devel opment and production costs of 25 to 50
percent. (The specific percentage goal will be determ ned
once the final configuration is selected. The conparison
will be made between traditional cost estinmating nmethods and
X-33 funding to determ ne the goal.)
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b. The NASA/industry teamwi |l have denonstrated with an
advanced technol ogy denonstrator technol ogi es scaleable to
potential RLV configurations which include the follow ng:

- As a part of the basic booster design, the denonstrated
technol ogi es wi Il have included reusabl e conposite or
netallic tanks and primary structure, reusable and
durable TPS materials, and operations concepts.

c. The NASA/industry teamw || have devel oped and denonstrat ed
with an advanced technol ogy denonstrator reusability and
operability concepts which when applied to the RLV will
significantly reduce | aunch costs and denonstrate rapid
processing for reflight. The present operational RLV goal
Is to denonstrate operability concepts which result in 0.5
hours of |abor per pound of structure per flight. For
conpari son, current |launch systens average approxi mately 10
hours per pound of structure per flight, varying by vehicle
type and si ze.

d. The X-33 will have initiated flight tests by March 1, 1999.

e. The X-33 will have flown at | east two m ssions by the Phase
Il decision with no nore than 50 touch-1abor ground
personnel . Concepts will have been denonstrated which
support a 2-week reprocessing for flight.

f. The X-33 vehicle will have provided flight data to support
val i dati on of vehicle hypersonic flight environments during
ascent and reentry.

A transition plan for the Space Shuttle will have been
devel oped. This transition plan will detail the estinated
costs associated with maintaining the Shuttle to 2012 and
beyond. A conparison of cost estimates for candidate RLV
configurations and a m ssion requirements analysis (e.qg.,
m ssion nodel) will also be included.
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